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INTRODUCTION

The 1890 amendments to the Clean Air Act have d interest in chemical forms or modes of
occurrence of trace elements for potentially toxic trace el ts in coal. Selective solvent leaching has
been useful in estimating these modes of occurrence * 2343, This technique is much faster than
previous attempts to determine the modes of occurrence of trace elements in coal, such as scanning
electron microscopy®, analysis of density separates of coal’® and low-temperature ash®. However,
relatively littie has been published about the reproducibility and reliability of the solvent leaching
procedure. For this paper, three previously analyzed coal samples were teached individually and (or)
sequentially with 1N CH,COONH,, 2N HCI, 48% HF, and 2N HNO, using procedures described
previously*®. The concentrations of 45 elements were determined by analyzing the leachate by
inductively coupled argon plasma-atomic emission spectroscopy (ICAP-AES) and (or) the residue by
instrumental neutron activation analysis (INAA).

RESULTS
The percent determined by both INAA and ICAP-AES of each element sequentially leached by each
solvent in the lllinois #6 coal is given in Table 1. The method of determining the percent leached is
different for each technique. The percent leached by ICAP-AES is calculated by:
(Ce Vg /Wg)/Cyue x 100 (1)

where Cg is the concentration of the element in solution Vg is the volume of the solution, W; is the
weight of the fraction prior to leaching (starting weight) ; and C,,. Is the concentration of the element
in the original whole coal sample given in Table 2. The percent teached in each fraction determined by
INAA was calculated by

P - (CwcWs - CW, / G, Ws) x 100 @
where P is the total percent leached by all fractions previously leached (P_is zero for the CH,COONH,
fraction); C is the concentration of the element in the residue after leaching and W; is the weight of
the fraction after leaching (final weight). The errors caiculated are based on counting statistics™ and
are propagated through the cal ions for the el ts determined by INAA. Although the efrors of
concentrations determined by INAA are generally relatively low (1-10%), errors in the final calculation
are much greater due to the subtracti and division In 2. Emors on individual elemental
concentretions were not available for ICAP-AES. The data indicates that errors In these concentrations
are generally higher than INAA errors, because more elements are near the detection imits of the
ICAP-AES technique''. Because equation 1 does not have subtraction terms, the overall errors may
be comparable. In cases where the error was grester than the percent leached value, this value was
converted to an upper fimit and denoted by a * in the tables. In a few cases, equation 2 fead to a
negative number. If that number was less than the calculated error, then the value was reported as an
upper limit with a * as above; but when the value exceeded the error value, no value could be
calculated and a ? was reported in a manner similar to Finkelman et al* in 1990.

Considering the ersors, there is generally good agreement between INAA and ICAP-AES results. The
INAA results can also be evaluated against the data reported in the 1990 study included in Table 1.
The. comparison to previous data is generally good, but there are some exceptions. The 1:7 HNO,
solution used in this study was more effective than

1:9 HNO, . The differences in nitric acld leaching between this study and the 1990 study have been
attributed to oxidation of the coal matrix by the stronger solution®.

Results for the Buetah-Zap lignite sample and the Lower Bakerstown coal sample (Tables 3-6) are
similar to the results found for the lllinois #8 coal sample. The leaching study on the Lower Bakerstown
coal was done in duplicate to further assist in evaluate reproducibility. Results from individual leaching
experiments some in duplicate or triplicate can be found on Table 7. Many of these expefiments were
done in duplicate or triplicate. Hot (80° C) and room temperature (RT) HCI and HNO, acid were used
to determine if differences in temperature were important. Generally, differences in temperature were
not as significant as were differences in concentration.
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Table 1. Percent of selected elements sequentially leached from the Illinois #8 coal by different

s vents. The ¢ ions of elements used to calculate the percent leached were determined by
instrumental neutron activation analysis (INAA) on residue of the leached coal. The concentrations of
the elements used to calculate the percent leached were determined directly by inductively coupled
argon plasma atomic emission spectrometry (ICAP-AES) on the leached solutions. *=number converted
to an upper limit due to high errors in calculations; ND= not determined, ? No value could be
determined from data, 1990 refers to data previously reported by Finkelman et al.*

CH,COONH, HCI HF HNO,
Element-methoa Run1 1990 Run1 1990 Run1 1880 Run1 1990
B-icAP-AES 1 ND 32 ND 45 ND <18 ND
Na-INAA 73+4 65 10+5 0 15+6 0 6+0.4 15
Na-icap-AEs 70 ND 12 ND <2 ND <3 ND
Mg-ICAP-AES 8 ND 7 ND 57 ND 142 ND
AHCAP-AES 17 ND 3% ND 42 ND 47 ND
Si-icap-Ats 0 ND 1 ND ND ND 2 ND
P-iCAP-AES <44 ND <50 ND <58 ND <100 ND
K-iNAA 9+7 13 <12* 0 <91 78 <10* >7
K-IcAP-AES <21 ND <24 ND 81 ND <57 ND
Ca-ICAP-AES 71 ND 21 ND 2 ND 3 ND
ScNAA <10* 0 <23* 15 684+14 32 20+16 4
Ti-ICAP-AES <2 ND 3 ND 81 ND 9 ND
VACAP-AES <20 ND 30 ND 219 ND 124 ND
CriNaA <1* 0 ? 2 53+4 9 33+8 24
Cr-ICAP-AES <3 ND 2 ND 7 ND 52 ND
Mn-ICAP-AES 7 ND 21 ND 8 ND <8 ND
Fe-INAA 9+1 0 9+1 0 4+1 0 75+6 48
Fe-IcAP-AES 05 ND 4 ND 10 ND 122 ND
Co-INAA 10+1 19 47+2 39 15+3 0 23+4 7
CO-ICAP-AES <24 ND 43 ND <31 ND <64 ND
Ni-INAA 27+16 35 <30* 32 39+20 0 41123 0
Ni-icAP-AES 17 ND 36 ND 42 ND 47 ND
CU-ICAP-AES <10 ND <11 ND <13 ND 78 ND
Zn-INAA 8+6 ND 21+9 ND 5819 ND 1210 ND
Zn-ICAP-AES <1 ND 26 ND 58 ND 18 ND
As-INAA 10+7 0 19410 17 <18* 0 60+11 0
Se-INAA 21+4 0 -7 0 <7 0 65+5 0
Br-iNaa 40+9 53 ? ? ? ? ? ?
Rb-iNAA <26* ND <27* ND 67+¢21 ND <38* ND
Sr-iNAA <49* 30 <100* 0 <40* 5 <20* ND
Sr-ICAP-AES 36 ND 10 ND 19 ND 22 ND
Y-ICAP-AES <25 ND <29 ND <33 ND <69 ND
Zr-ICAP-AES <5 ND <5 ND 48 ND <12 ND
Ag-ICAP-AES <100 ND <100 ND <100 ND <100 ND
Sb-INAA <16* 0 <16* 13 22411 0 60+13 6
Cs-INAA <2* 0 157 0 71+8 0 20+8 88
Ba-INaA 28+13 11 | 22+19 25 31420 9 20415 8
Ba-ICAP-AES 32 ND 18 ND 35 ND 28 ND
La-INAA <3* 0 38+3 37 1112 4 43+1 29
Ceo-INAA <10* 3 4515 38 <25* 0 40+17 24
Ce-ICAP-AES <17 ND M4 ND <22 ND <48 ND
Nd-INAA 20412 ND <100* ND ? ND 58+20 ND
Sm-INAA 13+10 0 40+15 44 <20* 0 37417 13
Eu-INAA 17410 0 29+14 40 <20* 0 38+16 7
Tb-INAA 21+16 0 <40* 28 <40* 0 39+26 12
Yb-iNAA <15* 0 <22t 0 25+16 18 53+1¢& 0
Lu-iNaA <18* ND <38* ND <40* ND 55+28 ND
Hf-INAA ? 0 <2 8 62+11 23 <12 9
Ta-INAA <16* 0 <18* 0 48+17 0 36+19 0
W-INAA ~ ~ ? 0 ? 0 ? 0 ? 0
Pb-ICAP-AES <24 ND 30 ND 12 ND 50 ND
Th-tNAA <2* 0 24114 30 <28* 0 51+16 14
U-INAA <19* [+ <22* 16 24+15 0 40+16 0

Table 2. Concentrations of trace elements in the original Illinois #6 coal sample in parts per million
except as noted.

B Na Mg Al{%) Si(%) P K% Ca(%) Sc I v Cr Mn

160 1020 750 1.25 3.0 47 0.2 093 23 700 345 358 78
Fe(%) Co  Ni Cu Zn As Se Bt Rb S Y _Zr

27 44 30 101 201 47 42 572 16 322 41 28 062
Sb Cs Ba la Ce Nd Sm _Eu _Tb Yb Lu _Hf Ta_
084 094 88 599 102 65 1.03 0226 0.1 .47 0068 0435 0.176
w_ Pb Jh U
151 86 165 427
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Table 3. Percent of selected el ts tially leached from the Buelah-Zap fignite by different

solvents. The concentrations of elements used to calculate the percent leached were datermined by
instrumental neutron activation anatysis (INAA) on residue of the leached coal. The concentrations of
the elements used to calculate the percent leached were determined directly by inductively coupled
argon plasma atomic emission spectrometry (ICAP-AES) on the leached solutions. *=number converted
to an upper limit due to high errors in calculations; ND= not determined, ? No value could be
determined from data, 1990 refers to data previousty reported by Finkelman et al.*

CH,COONH, HCI HF HNO,
Element-method Run1 1990 Run1 1990 Run1 1990 Run1 1990
B-ICAP-AES <17 ND 40 ND <28 ND <40 ND
Na-INaa 54+4 95 2645 0 1845 0 19+1 0
Na-icap-AEs <100 ND <100 ND <100 ND <100 ND
Mg-ICAP-AES 101 ND 1 ND 17 ND 42 ND
AHCAP-AES 1 ND 28 ND 66 ND 1 ND
Si-ICAP-AES <1 ND 10 ND ND ND 3 ND
P-ICAP-AES <22 ND 100 ND <34 ND <68 ND
K-iNAA 41421 ? <32* 0 <100 >85 <100 ND
K-ICAP-AES <100 ND <100 ND <100 ND <100 ND
Ca-ICAP-AES 82 ND 23 ND 1 ND 0 ND
Sc-INAA ? 0 5046 15 45+11 32 <13 4
Ti-ICAP-AES <7 ND 23 ND 66 ND <21 ND
V-ICAP-AES 167 ND <86 ND <100 ND <100 ND
Cr-iNAA ? 14 ? 70 ? 0 22+6 0
Cr-ICAP-AES 371 ND <66 ND 203 ND <100 ND
Mn-ICAP-AES 46 ND 42 ND <5 ND <10 ND
Fe-iNaA <10* 15 37+14 0 <26* 0 50+22 0
Fe-ICAP-AES <1 ND 34 ND 9 ND 30 ND
Co-INAA ? 5 7545 58 1347 0 <12* 0
Co-icAP-AES <100 ND <100 ND <100 ND <100 ND
Ni-INAA <17* 0 32+14 0 <44* 0 <30* 0
Ni-ICAP-AES <27 ND 69 ND <100 ND <100 ND
Cu-CAP-AES 76 ND . <32 ND <41 ND <79 | ND
Zn-INAA 3+1 0 <73* 76 <23* 18 <1* 0
Zn-ICAP-AES <27 ND 82 ND 87 ND <79 ND
AS-INAA <6* 16 22+8 4 19+1 0 4441 1"
Se-INAA <17* 0 916 0 ? 0 58412 0
Br-Inaa 1401 0 ? ? ? ? ? ?
Rb-iNAA 16+8 ND «23* ND >23 ND >34* ND
Sr-INAA 64+1 45 >32* 54 ? 0 ? 0
ST-ICAP-AES 76 ND 26 ND 1 ND <1* ND
Y-ICAP-AES <67 ND <100 ND <100 ND <100 ND
Zr-ICAP-AES <11 ND <13 ND 61 ND <33 ND
Ag-ICAP-AES <100 ND <100 ND <100 ND <100 ND
Sb-INAA <«13* 0 <19* 0 68+30 14 <40* 30
Cs-INAA <10* - 0 <46* 0 >68 - 82 ? ?
Ba-INAA <13* 23 7113 73 29+15 ? <1 ?
Ba-icAP-AES 18 ND 87 ND 16 ND 1 ND
La-INAA ? 0 7549 83 1310 0 <18* 7
Ce-INAA ? 14 69+13 70 18413 0 1418 7
Co-ICAP-AES <61 ND 92 ND <91 ND <100 ND
Nd-iNaa 33425 ND >47 ND 0 ND >16 ND
Sm-INAA <5* 0 73+8 81 18+14 0 <21* 7
Eu-iNaa <19* 0 71430 79 >50 0 <40* 7
Tb-tNAA <11* 0 70+15 84 17415 0 <20* 3
Yb-iNaa <20* 0 87+31 72 <40* 0 <45* 7
Lu-INaa <22' ND 64+18 ND <38* ND <28* ND
Hf-InaAA ? 0 <10* 0 81+10 55 <10* 0
Ta-INAA ? 0 <13* 0 94+13 37 14+11 0
W-INaA ? 0 ? 0 ? 0 ? 0
Pb-icap-aEs <100 ND 172 ND <100 ND <100 ND
Th-INAA ? 0 39+8 60 60+8 0 21+9 29
U-iNaa <18* 0 54+27 60 3431 27 <40° 0

*Inciudes amount leached by HF

Table 4. Concentrations of trace elements in the original Buelah-Zap. lignite sample in parts per million
except as noted.

B Na Mg A _Si_ P K Ca(k) Sc T .!L Lr Mn
79 4960 3740 4000 6700 120 250 148 076 190 24 81
Fe Co Ni Cu Zn As_ Se Br R S Y Z Ag
4800 082 5 5 5.23 283 058 1 093 530 2 1 0.14
Sb_Cs Ba _la Ce Nd  Sm Eu Jb Yb _lu _Hf Ta
0173 05 10 267 3.92 23 0.4 0.081 052 0.26 0.036 0.293 0.92
W _Pb Th U

038 1 0.9 0.41
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Table 5. Percent of selected elements sequentially leached from the Lower Bakerstown coal by different
solvents. The concentrations of elements used to calculate the percent leached were determined by
instrumental neutron activation analysis (INAA) on residue of the leached coal. The concentrations of
the elements used to calculate the percent leached were determined directly by inductively coupled

argon plasma atomic emission spectrometry (ICAP-AES) on the leached = ber converted
to an upper limit due to high errors in calculations; ND= not determined, ? No value could be
determined from data, 1990 refers to data previously reported by Finkelman et al.*

CH.COONH, HCI HF HNO,
Element-methos Run1 Run2 1980 Runi Run2 1990 Runi Run2 1990 Runi Run 2 1990
80°C
B-CAP-AES <100 <100 ND <100 <100 ND <100 <100 ND <100 <100 ND
Na-iNaa 10+4 10+4 0 <7*  <10* 0 75#5 7545 65 <g8" <9 0

Na-IcAP-AES 19 13 ND 8 <9 ND 61 72 ND <13 <16 ND
Mg-icap-AES 10 12 ND 6 7 ND 41 48 ND S S ND
AHcAP-AES 59 45 ND 11 16 ND 38 24 ND 38 <18 ND

SiHCAP-AES <0.2 <0.3 ND 03 05 ND ND ND ND 4 <1 ND
P-iIcAP-AES 12 <9 ND 54 78 ND 14 17 ND <13 19 ND
K-INaA <13* <13* 0 <22¢ <18 0 >89 >85 >79  »2 >1 ND

K-icAP-AES <58 <88 ND <64 <88 ND 84 <100 ND <100 <100 ND
Ca-iCAP-AES 75 66 ND- 21 2 ND 18 18 ND 9 8 ND
Sc-INaA <3* <3* 8 1443  16+3 63  33+3 31+3 23 <3* 6+3 0
Ti-ICAP-AES <4 <3 ND <3 <4 ND 49 53 ND 21 1 ND
V-ICAP-AES <20 <30 ND <22 <30 ND 49 52 ND <44 <53 ND
Cr-INaa <4* <4 0 ? ? 0 ? ? 12 ? ? 1
Cr-CAP-AES <12 <17 ND <12 <18 ND 104 109 ND 77 73 ND
Mn-iCAP-AES 85 60 ND <23 <32 ND <26 <39 ND <48 <57 ND

Fe-INaA <12* <11* 15 20+7 42+47 26  29+7 237 8 40+8 33+8 4
Fe-icap-AES 17 <0.2 ND 40 81 ND 8 8 ND 35 49 ND
Co-INAA 60+3 60+3 59 1143 12+3 8 «<7* <g* 0 8+3 83 0
Co-ICAP-AES 79 67 ND <17 <23 ND <19 <28 ND <33 <40 ND
Ni-INAA 39+14 39+14 55 <38* <19* 0 <19 <19* 0 22+18 34+18 0

Ni-icap-AES 59 45 ND 10 15 ND 36 24 ND 39 <16 ND
CuHCAP-AES 46 <15 ND 21 24 ND 21 30 ND <22 <26 ND

Zn-INAA 53+6 5346 64 31+8 19:8 21 <9 <13* 0 <11* <1 0
ZN-ICAP-AES 72 64 ND 18 43 ND 9 9 ND <5 39 ND
As-INAA <5* 6+4 0 57+5 4615 41 1546 1646 6 30+5 30+5 6
Se-INAA <10* <11* 0 <18" «<23* 0 <14* <25* 0 74+14 70414 0
Br-iNnaa <4 <4* 0 7+4 1744 19 g+4 <4* 15 <40* <40* 0
Rb-INAA <24* <24 ND <22 <23° ND »>91 >90 ND >7 >3 0
Sr-INAA «<25* <25* 16  <24* <33* 0 58+24 63+24 9 <28* <30 11

Sr-CAP-AES 19 17 ND 7 g9 ND 41 44 ND 8 8 ND
Y-ICAP-AES <31 <47 ND <34 <47 ND <39 <57 ND <69 <83 ND
Z[-ICAP-AES <6 <10 ND <7 <10 ND 30 38 ND 14 <17 ND
Ag-icapAES <100 <100 ND <100 <100 ND <100 <100 ND <100 <100 ND

Sb-INaA <6* <6* 10 37+4 3845 33 2044 2144 21 2+4 3044 0
Cs-INAA A7 AT 12 <17 <18 7 84+19 85+2037 >21* <21° 14
Ba-INAA <17*  <17* 23 <19* <19* ? 75419 79+18 ? 17415 23+18 >23
Ba-ICAP-AES 2 11 ND 67 12 ND 27 19 ND 10 <8 ND
La-INaa <4* <4* 0 10+5 1145 0 13+5 1645 5 25+4 34+4 22
Co-INAA <4* <4* 0 14+4 14+4 3 12+45 14+4 0 22+5 34+3 22
Co-ICAP-AES <20 <30 ND <22 <30 ND <25 <37 ND <44 <53 ND
Nd-INAA <19 <19* ND  22+17 30+17ND 17+#1 16+3 ND 26+17 32+17 ND
SM-INAA <3* <3* 0 2+5 1944 9 1044 1244 0 15+4 24+4 17
Eu-INAA <5* <5* 0 28+7 231614 <14 9+7 7 1247 22+7 16
Tb-iNAA <7* <7* 0 23+10 2041015 <16* <10* 0 12+1023+10 16
Ybnaa <12 <12* 20  <18* 1649 7  13+8 «<15° ?7 «<15* 17:8 9
Lu-INAA <g* <8* ND <16* <23* ND <i7* 11+8 ND 1149 1548 ND
Hf-INAA <10*  <10* 0 <g* <10° 0 41t8 40+8 21 <g* 10+8 7
Ta-INaA <g* <g* 0 <20* <13 0 19+13 17+12 0 19+12 34412 0
W-INAA ? ? 0 <25* <23 0 42424 40+2115 <30 26419 0
AUHNAA >31 >28 ND ? ? ND ? <32* ND ? <33 ND
Pb-iCAP-AES 35 <53 ND 62 101 ND 5 <7 ND <79 <94 ND
Th-INAA <4 <4 0 945 1344 O 9+4 8+4 6 1544 16+4 10
U-INAA 15+13 <20° 0 «<18* <18 0 37417 2441722 <24* 19+17 9
Table 6. Ci ions of trace el in the original Lower Bakerstown coal sample In parts per
milllon except as noted.

Na Mg AG)SIGH P K Ca%Sc T _V_ Cr M
286 170 330 0.74 1.07 360 700 14 2 430 104 91 97
Fe(%) Co Ni_ Cu 2Zn As Se B Rb S Y zZt Ag
086 692 179 106 479 263 059 341 485 82 333 16 041
Sb Cs Ba la Ce Nd Sm Eu Tb ¥b Ly Hf Ta
15 029 34 6.08 104 365 120 023 014 0 067 0.38 0.11
W _Au Pb Th _U_
065 0.001 584 1.32 053
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Table 7. Percent of sel

~tod ak PO

j hed from the Lower Bakerstown coal by different solvents.

Individual experiments were conducted using room temperature solvents (RT) and 80°C solvents (hot).

The numbers after RT and hot Indicate run numbers.The concentrations of

ts used 1o calculat

the percent leached were determined by instrumental neutron activation analysis (INAA) on residue of
the leached coal. The concentrations of the el ts used to cal
determined directly by inductively coupled argon plasma atomic emission spectrometry (ICAP-AES) on
the leached solutions. *=number converted to an upper fimit due to high errors In calculations; ND= not

determined, ? No value could be determined from data,

CH,COONH,
Element- method RT1
BHCAP-AES <100
Na-iNAA 9+4
Na-CAP-AES 15
Mg-ICAP-AES 47
AHCAP-AES 59
SHcAP-AES <0.3
P-ICAP-AES <9
K-INAA <13*
K-ICAP-AES <88
Ca-ICAP-AES 62
Sc-INAA <3*
Ti-ICAP-AES <4
V-ICAP-AES <29
Cr-INAA <6*
Cr-CAP-AES <17
Mn-iICAP-AES 56
FeaNAA <4*
Fe-ICAP-AES <0.2
Co-INAA 60+2
Co-ICAP-AES :5]
NI-INAA 33+13
Ni-CAP-AES 47
Cu{CAP-AES <14
ZnHNAA 57+8
Zn-CAP-AES 88
AS-INAA <5*
Se-iINAA <10*
Br-INnAA <4*
Rb-INAA <14*
Sr-iINaA <18*
Sr-CAP-AES 17
Y-ICAP-AES <45
Zr-ICAP-AES <10
Ag-icAP-AES <100
Sb-iNAA <5*
Cs-INAA <14*
Ba-iNAA <22*
Ba-ICAP-AES 15
La-iNAA <5*
Ce-INAA <3
Ce-ICAP-AES <29
Nd-iNaA <13*
SmM-INAA <5
Eu-INAA <5*
Th-INAA <7
Yb-iNAA <7*
Lu-INAA <6*
Hf-INnAA <6*
Ta-INAA ?
W-iNaa ?
Au-INAA <60*
Pb-icapAEs <52
Th-INAA <3*
U-INAA <24*

hed were

HCI HF

Iate the pei t 1

HNO,

RT1 RT2 RT3 Hot1 Ho2 RT1
<100 <100 <100 <100 <100 <100
17+ 3 1543 1943 31+4 3044 86+4
168 <58 <59 <59 <65 124
57 28 29 57 60 67
57 <58 <58 68 67 70
1 <2 <2 18 17 ND
69 72 72 88 92 83
12410 13411 12£11 37+11 39+11 <99
<9 <100 <100 <100 <100 99
77 100 97 121 13 4
1742 1843 19+2 20+2 28+2 47+2
<43 <23 <23 <23 <26 54
<29 <100 <100 <100 <100 57
<4* <6 <4 <4 9+4 23+4
<17 <100 <100 <100 <100 42
43 <100 <100 <100 <100 68

RT1 RT2 RT3 Hot1 Hot2

<100 <100 <100 <100 <100

35+4 25+4 19+4 18+4 30+4
31 <59 <B5 <685 <65
30 30 3 40 51
75 66 78 81 80
3 <2 17 -] 7
73 7 99 80 92
31410 15211 13+11 16411 22+11
<86 <100 <100 <100 <100
108 108 119 117 135
3542 21+2 2042 20+2 29+3
<4 <23 <25 <23 <26
<29 <100 <100 <100 <100
1544 <7*  <5* ? 8+6
<17 <100 <100 <100 <100
40 <100 <100 <100 <100

49+4 48+4 5343 54+4 53+4
53 53 53 58 60
702 7042 7243 73+3 73x2
65 <100 <100 <100 <100

59+4 975 0845 96+5 86+5 0645
586 108 104 113 103 118
72¢43 8512 79+2 80+3 793 83+2
65 73 <100 <100 <100 <100

44413 50+13 51+13 46+13 61413 59+13 70413 63+13 6513 61+13 68+13

57 <56 <56 68 67 70
31 <94 <94 <84 <100 57
84+5 8445
100 220 124 128 116 138

80+4 59+4 62+4 61+4 6014 65+4
<10®  21+9 <15" 11#10 <15 <15*
1143 16+3 1643 73+3 7313 2943
<24° <22*

23417 <34* <29* B4+18 73+18 52+17
2 28 29 83 90 48
<45 <100 <100 <100 <100 <45
<9 <62 <62 <62 <70 81
<100 <100 <100 <100 <100 <100
36+3 44+3 3243 2843 25+3 34+3
<17* 18412 22412 56413 56+13 78+14
<20* <17* <15" 45+11 53+12 7012
12 <30 <30 64 72 141
13+3 1743 2043 58+3 58+3 13+3
15+4 21+4 2443 50+3 59+3 9+3
<29 <100 <100 <100 <100 <29

85+5 8645 B85:5 8545 .

75 66 76 81 80
87 <94 <100 <100 <100
93+5 87+5 86+5 83+5 90+5
150 103 144 125 116
96+4 94+4 96+4 06+4 95+4
86+10 57+10 58+10 49+9 78+10
57+3 36+3 23+3 2343 4443

18414 48+14 45314 81+18 38114 <24° 15¢14 <34* 26+14

61417 40420 30417 22417 49+17
48 35 38 68 75
<45 <100 <100 <100 <100
<10 <62 <68 <70 <69

<100 <100 <100 <100 ND

56+3 21+4 48+3 47+3 5433
42312 15412 2712 23+12 36+14
47412 <15* 23+18>25 1914
29 <20 <33 49 54

52:3 2243 19:3 19+3 43:3
55:3 25+3 24+3 23+3 47+3
29 <100 <100 <100 <100

14412 <25 17412 40412 61+12 <168*  57+12 24+11 <15 31+12 46+12
25+3 29+43 30+#3 50+#3 58+3 11+3 59+3 3623 32+3 32+3 50+3
24+5 3045 32+5 5645 5415 1045 5B8+5 34+5 3545 35+5 51+5
1747 2047 2847 4047 3947  Br7 4347 2747 27+7 24+7 42+7
8+6 <12* 9:6 25+5 21+6 <6* 3545 14+6 12+6 12+6 1818
1146 <13* 1347 23+5 24+5 6+5 3415 16+5 13+8 9+68 2446
<9* ? <€ <12* 846 40:68 1248 <6" <11* <13* 718
? ? ? ? ? <13 <9r 7 ? ? ?

? ? ? <14 ? 23+13 <14+ 7 ? ? ?
<44  33+30 7 59+33 <31* 7?7  <32* <42* <56* 7 ?
93 <100 <100 <100 <100 32 98 <100 <100 <100 <100

9+3 1045 133 2043 29+3 B8+3 3243 1413 1745 1543 25+4
<19* <24 34412 20+11 32411 21412 44411 23412 28+12 20412 36+12




